Background and Aims Slot machines pose serious problems for a subset of gamblers. On multi-line slots, many small
INTRODUCTION
Slot machine games (a type of electronic gambling machine) are known to cause problems for a subset of gamblers. Multi-line slots are increasingly popular games available in several countries throughout the world. These games have high-fidelity audio-visual characteristics that allow players to wager on multiple lines per spin. Interestingly, when wagering on multiple lines, many small gains actually amount to less than one's spin wager. Nevertheless, these net losses are accompanied by salient animated graphics and winning sounds, and as a result have been termed losses disguised as wins (LDWs) [1] . LDWs occur because a player wins on only a subset of the number of lines played.
LDWs are a concern for problem gambling because they can effectively increase the reinforcement rate of these games if players misconstrue LDWs as wins [2] . Research [1] has shown that novice players somatically respond to LDWs as if they are actual wins-they show higher skin conductance responses to LDWs than actual losses, but equivalent skin conductance responses as wins. Experienced gamblers also respond behaviourally to LDWs as if they are wins [3] . In slots play, a post-reinforcement pause (PRP) is measured as the time delay between the delivery of an outcome (e.g. win) and the initiation of a subsequent spin-the longer the pause, the more rewarding the outcome is deemed by the player. Researchers [3] measured players PRPs following credit returns of two credits, where in one condition (single-line game) these credit returns were actual wins, and in the other condition (20-line game) these returns were LDWs. Players exhibited similar PRPs to the two-credit returns regardless of condition, suggesting that LDWs are behaviourally miscategorized as wins.
Novices also mislabel LDWs verbally as wins [4] , and LDWs lead novice [4] and experienced [5] [6] [7] players to overestimate how many times they thought they had won during a playing session. This replicated finding is referred to as the LDW-triggered win-overestimation effect. There appear to be some subtleties involving the frequency of LDWs and the LDW-triggered win-overestimation effect, however. Moderate numbers (18%) of LDWs appear to lead to higher win-overestimates than higher numbers (30%) of LDWs [7] . It may be that if the frequency of LDWs is too high, players would be struck by a disconnection between hearing celebratory sounds on almost every other spin and noting that their running total keeps going down. Thus, a moderate number of LDWs may be more effective at triggering this win-overestimation effect.
One means of gauging the reinforcing properties of different outcomes is to use resistance-to-extinction paradigms. One study [8] measured the reinforcing properties of how winning outcomes were distributed. In the acquisition phase players played 50 spins then could either leave with their winnings or continue to gamble for as long as they wished. Unbeknown to players, in the extinction phase (where persistence was measured) all outcomes were losses. Players persisted for longer if they had experienced a series of small wins in the acquisition phase than if they experienced a single large win [8] .
To our knowledge, no study has evaluated the effects of LDWs on gambling persistence. If LDWs are misperceived as wins, they may make gamblers persist for longer despite financial loss. We tested this hypothesis using an extinction paradigm similar to that employed by Young et al. [8] . Community participants were assigned into three groups. In the acquisition phase gamblers played 100 spins on a game with either a few, a moderate number or many LDWs, and were again given the choice to continue to play for as long as they wished (during a losses-only extinction phase). As aforementioned, as a moderate number of LDWs were optimum at triggering the LDW-triggered win-overestimation effect, we hypothesized that a moderate number of LDWs might also make gamblers persist for longer than a game with few or many LDWs. We surmised that those who play frequently (and experience more gambling problems) might, preferentially, show this effect.
Moderate numbers of another slot machine outcome, the near miss, have been shown to prolong gambling persistence. A near miss (NM) (on a traditional mechanical reeled game) occurs when a player, for example, gets two jackpot symbols on the payline on the first two reels and a jackpot symbol just above or below the payline on the third reel. These are interpreted as frustrating losses by players that may drive motivation to continue gambling. In a classic study [9] , participants played a game with 15, 30 or 45% NMs. In the extinction phase, participants played for significantly longer after the 30% NM game than after the 15 or 45% NM games. Thus, for NMs, there appears to be an optimum reinforcement rate. They explain, via learning theory, that excessive pairing of the conditioned stimulus (NM) with unconditioned stimulus (lack of win) decreases associative learning. Specifically, having too many NMs not being followed by wins leads to extinction of the NM effects.
To date, no study has investigated whether LDWs influence gambling persistence, and more specifically, whether there is also an 'optimum' reinforcement rate for LDWs. Given that problem gamblers have more experience with slot machines, via learning theory they should be more sensitive to the reinforcement rates of these games. The specific aims of this study were to: (1) test whether there was an interaction between Problem Gambling Severity status and LDW reinforcement rates during game play (few, moderate, many LDWs) on gambling persistence and (2) whether higher-risk gamblers would preferentially show a 'sweet spot', persisting for longest after experiencing a moderate number of LDWs.
METHOD

Design
Experienced gamblers (n = 132) played 100 spins on a realistic slot machine simulator (see Apparatus), and could then play for as long as they wished or quit at any time (unbeknown to players, all subsequent outcomes were losses). Employing a between-subjects design, 132 participants were randomized to play one of three LDW games (a game with few, moderate or many LDWs). Participants were stratified into one of three Problem Gambling Severity Groups: non-problem (NPG; n = 53), low-risk (LRG; n = 55) or higher-risk (HRG; n = 24) groups. The main dependent variable of interest was gambling persistence during the losing streak.
Participants
Recruitment/selection
One hundred and forty-eight participants were recruited from the general community using the online classified website Kijiji. Sixteen participants were excluded from any analyses due to technical/equipment malfunctions and subsequent incomplete data. Ages ranged between 18 and 54 years [mean = 30.17, standard deviation (SD) = 12.04] and included 58 (44%) females. Participants received $10 for the 1-hour study in addition to any remaining balance on the slot machine. All methods and procedures were approved by the University's Office of Research Ethics.
Measures
Canadian Problem Gambling Index
The Canadian Problem Gambling Index (CPGI [10] ) was used to measure participants' slots play over the past year, problem gambling severity levels (via the Problem Gambling Severity Index [PGSI]), age and gender. Using the cut-offs proposed by Currie, Hodgins, and Casey (2003) [11] , 53 participants were deemed non-problem gamblers (PGSI = 0), 55 low-risk gamblers (PGSI = 1-4), 15 moderate-risk gamblers (PGSI = 5-7) and nine problem gamblers (PGSI > 7). Given the small numbers of moderate-risk and problem gamblers, we assigned those with PGSI > 4 into a single higher-risk category (HRG; n = 24), as suggested by Currie et al. [11] . For analytical purposes we compared non-problem gamblers (NPGs), low-risk gamblers (LRGs) and higher-risk gamblers (HRGs).
Persistence
We measured how many voluntary spins each participant played after playing one of the three LDW games (few LDW, moderate LDW or high LDW).
Apparatus
Slot machine simulator
Sands of Splendor (SoS; Fig. 1 ) is a five-reeled desertthemed penny slot machine simulator that allows players to wager on up to 20 lines. The simulator was housed in a commercially available slot machine cabinet with custom glass, and the wiring was modified so that the spin button on the cabinet could be used. This makes the simulator highly ecologically valid (appears to be a real slot machine), while allowing researchers to control the outcomes. The reels on SoS spin sequentially from left to right while playing a 'spin reels' sound. Spins that returned credits (i.e. wins and LDWs) were accompanied by animated symbols, flashing lines and a 'count up' sound that ranged from 1.30 to 13.82 sec. Participants experienced 19 actual wins during the first 100-spin playing session. Players were assigned to play one of three LDW conditions: few (n = 6), moderate (n = 12) or many (n = 27) LDWs. The number of LDWs in the moderate and many LDW games were patterned (approximately) after two commercially available slots games. LDW sizes ranged between two and 19 credits. For each group, wins, losses and LDWs were interspersed randomly, but hard-coded to ensure that participants received the same outcomes in the same order. Players bet one credit on 20 lines (20 credits per spin). The starting balance on the game was 2000 credits ($20) and end balance was 2300 credits ($23; a payback percentage of 115%) after the 100-spin acquisition phase. The 101st spin was a loss, the 102nd spin was a 32-credit win followed by the extinction phase (the chain of full losses where participants could play for as long as they wished).
Procedure
After providing consent, participants completed several questionnaires for reasons peripheral to this study. They then viewed a brief slot machine tutorial that explained how the game worked and all the various counters on the machine. Emphasis was placed on the 'bet' and 'paid' counters. They were instructed that they could not change their wager or the number of lines played during the game; that the game was pre-set to a balance of 2000 credits or $20; and that they could keep the remaining balance on the machine (if any) up to a maximum of $40.
Peripheral measures were taken. Participants played 98 spins, and then the researcher came over to inform them that they had two spins left. At 100 spins, the researcher re-administered the peripheral measures. The researcher handed participants an instruction 'ticket' that stated: ' At this point during the playing session, you can continue to play for as long as you wish or can choose to stop playing at any time'. Participants read the instruction ticket and continued to play (or stopped immediately if they wished). After finishing play, more peripheral measures were taken.
After the extinction phase, players completed a final set of peripheral tasks and were given their cash, debriefed and given responsible gambling materials, and information for a local community crisis/mental health/addiction hotline.
Statistical analysis
Participants' persistence scores were first submitted to a two-way univariate analysis of variance (ANOVA), with PGSI group and LDW condition as factors. The interaction between PGSI group and LDW condition was analysed. For each PGSI group, a quadratic trend analysis was performed to test the hypothesis that players may persist for longer in the moderate LDW than few and many conditions.
RESULTS
Persistence was calculated as the number of spins initiated during the extinction phase. Six outliers (± 2 SD from the mean) were removed prior to analyses (one NPG, two LRG and three HRG). The descriptive statistics (gender, age, PGSI scores) for the remaining 126 participants are shown in Table 1 .
Participants' persistence scores were first submitted to a 3 (group: NPG, LRG, HRG) × 3 (game: few LDWs, moderate LDWs, many LDWs) univariate ANOVA. There was a significant main effect of game played [F (2, 117) = 3.15, P = 0.047, mean squared error (MSE) = 71.37]. The main effect of PGSI status was not significant (F (2, 177) = 1.40, P = 0.25, MSE = 71.37). One aim of this study was to show that there was an interaction between problem gambling status and the number of LDWs experienced during a playing session on gambling persistence. This interaction was significant (F (4, 117) = 2.65, P = 0.037, MSE = 71.37).
A second aim of this study was to explore whether there was a quadratic relationship 'or sweet spot' supporting the hypothesis that a moderate number of LDWs would have a maximal impact on gambling persistence, especially for HRGs. For the HRG group, games with moderate numbers of LDWs seem to trigger more persistence than games with few LDWs or games with high numbers of LDWs (Fig. 2) . The quadratic relationship was significant, SE = 3.44, P = 0.028. For the NPGs the quadratic contrast was not significant (P = 0.71; but, counterintuitively, the linear contrast was SE = 1.93, P = 0.007). For LRGs, the quadratic contrast was not significant (P = 0.32).
DISCUSSION
The main goal was to show, using extinction paradigms, that LDWs are in fact reinforcing. Given that the pathways model of problem and pathological [13] states that gambling problems can develop via classical and operant conditioning alone (Pathway I), we predicted that players with more problem gambling symptomology would show greater sensitivity to the reinforcement rates of the game than players with fewer problems. We found different persistence patterns for the LDW games depending on PGSI status. What was most surprising is that non-problem gamblers showed a trend in a direction opposite to the intuitive prediction: that a moderate number of LDWs would lead to the greatest persistence. Rather, they showed a linear trend where they persisted for longest in the game with Table 1 Descriptive statistics for the non-problem (NPG), low-risk (LRG) and higher-risk (HRG) gamblers included in the gambling persistence analyses. the fewest LDWs, followed by the medium, then high LDW game. We conjecture that this counterintuitive pattern may occur as a direct result of the win sizes in each game.
To offset the large number of full losses in the game with the fewest LDWs, the sizes of the actual wins had to be largest in this game. Actual win sizes were lower in the medium game and lowest in the game with the most LDWs. It may be that early in one's gambling career, win size is more salient than perceived win frequency. The most important finding was that, for high-risk gamblers, there appeared to be a 'sweet spot' for LDW reinforcement. They showed higher persistence following the moderate LDW game than the few and many LDW games. We propose that this moderate number of LDWs served to elevate the 'perceived' win frequency to a kind of 'sweet spot'. With moderate numbers of LDWs, players (mis)perceive that they are winning often (more than games with few LDWs), but not so often as to trigger mentations of a disconnect between the perception that they are winning nearly all the time but their running totals are going down. While the 'sweet' spot for LDW reinforcement occurs at a different proportion than that for NMs, it is important to note that the two are not the same phenomenon-LDWs are miscategorized as wins, whereas NMs are interpreted as frustrating losses. Thus, the reinforcing properties of these two slot machine outcomes may differ slightly. Nevertheless, we showed a similar inverted U function for persistence for higher-risk gamblers around a moderate number of LDWs (patterned after a commercially available slot machine game).
In sum, it appears that the reinforcing nature of slots games may involve trade-offs between the auxiliary nature of the rewards (i.e. win magnitude) and the schedule of reinforcement. Perhaps, early in one's career, the higher arousal to larger wins is what is considered primarily reinforcing. For those who play more often (and incur more gambling problems), eventually any winning sights and sounds may come to trigger elevations in physiological arousal due to secondary reinforcement. For these more problematic players, the distortion of the perceived win frequency attributable to moderate numbers of LDWs begins to increase play times. We believe another mechanism by which LDWs may have an affect on persistence is through stimulus generalization, where LDWs are interpreted as wins (due to the same salient flashing sights and winning sounds), thus increasing the overall reinforcement rate of the game.
One strength of this experiment is our use of a simulator housed in a realistic slot machine cabinet. Most studies on gambling use simulators that do not resemble what one observes on the casino floor. We built this machine to make the playing experience as ecologically valid as possible to players, while being able to control the outcomes of the games. One limitation of this experiment is that we used a resistance-to-extinction paradigm with only full losses in the extinction phase. Compared to classic resistance to extinction paradigms, the extinction phase of our experiment consisted essentially of punishment trials because players lost their spin wager (e.g., compared to receiving no outcome). Such long chains of full losses are quite rare in actual multi-line games and may have felt unnatural to players, prompting some players to quit earlier than on a regular slot machine. Despite this, we still showed that moderate LDWs in the acquisition phase prompted persistence in higher-risk gamblers. One responsible gambling initiative is to set time limits prior to play. Thus, one cost of LDWs may be to prolong gambling, increasing the risk of violating such pre-commitment strategies.
Some other limitations of this study include the fact that our slot machine games had positive payback percentages at the end of the acquisition trials (or spins). Actual slot machine games in our jurisdiction have payback percentages between 85 and 98%. We used a positive payback percentage for two reasons. First, we wanted to follow the design of Young et al. [8] in order to extend the findings of this study with LDWs. Second, we wanted to maximize our persistence effects (i.e. minimize the number of people who quit after 100 spins) because we had an upper limit on the sample size we could recruit. This positive payback percentage limits the ecological validity of our study design. This being said, slot machines are inherently volatile, and there are times where players will be up and will persist at gambling.
Another limitation of our study is that we stopped participants at 100 spins to take peripheral measures (required for reasons peripheral to this paper) and gave them a ticket stating that they could continue to gamble for as long as they wished or quit at any time. Combined There was no effect of LDW condition for LRGs (F (2, 50) = 1.09, MSE = 74.26, P = 0.34). The effect of LDW condition for HRGs approached significance (F (2, 18) = 3.17, MSE = 91.17, P = 0.066).
with researchers being present in the laboratory's casino, interrupting participants could have imposed task demands (i.e. to quit or not quit playing), thus interrupting natural play. Given that staff and other patrons are present on the floors of actual casinos, we believe having researchers present on the floor of our laboratory's casino would have minimal effects on playing behaviour. As for persistence, there was a range of participants who quit immediately compared to those who gambled away all their money, so we believe that the interruption after the acquisition phase may also have had a minimal impact on gambling behaviour.
To conclude, moderate numbers of LDWs may make players believe they are winning when in actuality they are losing (consistent with the LDW-triggered win overestimation effect [4] [5] [6] [7] ). Players exposed to moderate numbers of LDWs may be reluctant to quit while they feel they are still winning. One final limitation of this experiment is that there were relatively few problem gamblers. Future research would benefit from extending these results to samples with a greater range of PGSI scores. Despite this limitation, we showed that LDWs in multi-line slots can influence a problematic kind of gambling behaviour-namely, continuing to gamble despite financial loss.
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